The main problem which this paper tries to address is whether collapse of the wave function describing the state of a quantum mechanical system occurs, or, rather can occur in the brain of the observer or not. One of the first (relatively) detailed "collapse models" following the original abstract suggestion by von Neumann that collapse occurs in the brain of the observer and is related to consciousness, is the Orch OR model of Penrose and Hameroff. This model was first criticized by Tegmark on the ground that due to decoherence, quantum processing cannot occur in the human brain. This criticism was countered by saying that due to structural shielding, microtubules inside the neurons can be protected against the wet and warm environment inside the brain. Thaheld, however, in a number of papers argued that quantum visual information carried by the photons from the environment cannot reach the brain intact. In other words, the quantum states of the photons would collapse inside the human eye and only classical information would finally reach the brain and hence no collapse and quantum processing in the brain can take place. In this paper we advance a hypothesis that there is the possibility for the quantum states of photons to be transmitted to the brain in a quantum-like manner. Our approach is based on the quantum teleportation mechanism which includes both classical and quantum aspects of information transfer, but the process itself is wholly quantum mechanical.
Introduction 1
Recently, a new interdisciplinary area of investigation called "quantum neuroscience" has emerged out of the efforts of some scientists in their attempts to understand some aspects of neuroscience in general and consciousness in particular. A group of these scientists like Penrose, Hameroff, Stapp, Khrennikov, Nanopoulos and others believe that not only quantum theory could be very useful in describing different aspects of neuroscience, but, at least for some aspects, e.g. consciousness, it could be absolutely vital! (Atmanspacher, 2004; Abbott et al., 2009) . However, there are other groups of researchers (e.g. Tegmark, 2000; Schlosshauer, 2006; Thaheld, 2005 and 2006; Koch and Hepp, 2006) , who either believe that quantum mechanics has no relevance in neuroscience whatsoever or that the nervous system is far too complicated for the application of quantum mechanics to it to be of any use at all. We believe, however, that the latter points of view are overly cautious and possibly biased. There are many reasons for this conclusion: (i) there are some very important "phenomena", for example, the "binding problem" in consciousness, that classical neuroscience has not been able to solve so far and there is no or little prospect for making progress within the currently accepted paradigm; (ii) we believe, at least at present, that quantum mechanics is a "universal theory" and hence might directly be involved in these phenomena. Recent contributions to the investigations of quantum effects in the human brain are due to scientists like Jibu and Yasue, Pribram, Lockwood, Mavromatos and Nanopoulous, Hameroff and Penrose, Stapp, Khrennikov and many others (Tarlaci, 2003) .
Perhaps an important link between quantum theory and neuroscience is attributable to the measurement problem. von Neumann, London, Bauer, and Wigner (initially) believed that the mind plays the main role in the measurement problem. It means that consciousness collapses quantum states. Recently, in an essay article in the journal Nature, Koch and Hepp (2006) have claimed that quantum mechanics is not applicable to the functioning of the brain. In this article, they proposed a thought experiment which they claim, once confirmed, would rule out the hypotheses that collapse occurs by the consciousness of an observer. Also previously, Hall et al. (1977) , have performed an experiment and have shown that there is no experimental evidence for collapse of a wave function by consciousness, but recently, in contrast, Biermann (2003) has carried out a more accurate experiment in which consciousness has been demonstrated to collapse the wave function. The problem of wave function collapse taking place in the human mind is controversial at the moment and challenges are still ongoing. For this reason we advocate, very strongly, that this line of research should be followed very vigorously and let the final arbiter, that is a reproducible experiment, decide what is really at work in Nature.
Additional efforts to describe some links between the measurement problem in quantum mechanics and consciousness can be found in recent publications in the journal NeuroQuantology. For example, a review on the link between the measurement problem in quantum theory and consciousness is discussed in a recent paper of Bitbol (2008) . Moreover, Song (2007 Song ( , 2008a Song ( , 2008b claims that there is an inconsistency between consciousness and quantum theory in the measurement problem which can be resolved with the assumption that the observer is identified with the experience of observing the object. It means that it is not the observer and an object that separately exist and the observer is observing the object in terms of the difference between reference frames, instead, the experience of observing the object is linked to the state of "being". Panov (2008) concludes that neither decoherence theory nor many-worlds interpretation of quantum mechanics provide the ultimate solution for the measurement problem and, in his opinion, the key is somehow connected to the nature of mind and mathematics. A different viewpoint published in Blood (2009) explains why, when quantum mechanics gives many versions of reality, we perceive just a single version and we all seem to agree on the version.
In this paper, we intend to investigate the following question: "is there a possibility for the "brain" to cause a collapse of the quantum states of photons or, rather for the collapse to simply occur in the brain?" For this to be possible, we first have to show how it could be possible for the quantum states of photons to be transmitted to the brain intact. This, we suggest, is feasible by the application of quantum mechanics in general and quantum teleportation in particular.
Why Quantum?
There is a wide-spread belief that quantum theory is a universal theory (Davies, 2004; Abott et al., 2009) , so that it is logical to expect that it should have something relevant to say about the most sophisticated system in the universe which we know of, namely the human brain. Standard neuroscience cannot account for all the features of conscious processing (e.g. the binding problem). It, therefore, appears to be necessary to advance to the quantum level to achieve an adequate theory of the neurophysiology of volitionally directed brain activity. The reason, essentially, is that classical physics is an approximation to the more accurate quantum theory, and this classical approximation eliminates the causal efficacy of our conscious efforts. Mainstream cognitive neuroscience typically ignores the role of quantum physical effects in the neural processes underlying cognition and consciousness. However, many unsolved problems remain, suggesting the need to consider radically new approaches.
One might well ask about the motivation for using quantum mechanics to explain different aspects of neuroscience. Here, we briefly, mention some of the reasons below: a)
All living systems are composed of molecules and atoms, and the best theory for the explanation of the interactions between atoms and molecules is quantum theory. For example, making and breaking of chemical bonds, absorbance of frequency specific radiation (e.g. photosynthesis and vision), conversion of chemical energy into mechanical motion (e.g. ATP cleavage) and single electron transfers through biological polymers (e.g. DNA or proteins) are all quantum effects.
b)
The "binding" problem. We receive many sensory inputs at once: visual, auditory, olfactory, tactile and thermal. The time intervals and locations of processing events are different for each of them, but they interact with each other despite their relative distant locations and we perceive them as simultaneous events. This type of communication cannot be explained by conventional approaches of contemporary neuroscience (i.e. "classical neuroscience"). Quantum theory can describe this phenomenon via coherence and entanglement (Penrose and Hameroff, 1996) .
c)
The rapid rate of information processing. Synaptic transmission and axonal transfer of nerve impulses are too slow to organize coordinated activity in large areas of the central nervous system. Numerous observations confirm this view. The duration of a synaptic transmission is at least 0.5 ms, thus the transmission across thousands of synapses takes between hundreds and thousands of milliseconds. The transmission speed of action potentials varies between 0.5 m/s and 120 m/s along an axon (Noback et al., 2005) . More than 50% of the nerves fibers in the corpus callosum are without myelin, thus these speeds are reduced to 0.5 m/s. How can these low velocities (i.e. classical signals) explain the fast processing in the nervous system? Quantum mechanics can provide an explanation for this high-speed processing.
d)
Compatibility between different organs. The human body is made up of many organs, which themselves are made up of many millions of cells. How can such a system, with millions, or even billions, of parts function effectively and coherently? To use a sociological metaphor, it is quite clear that even the population of a very small country is hardly in harmony with each other. Clearly this phenomenon cannot be described by classical physics.
Apparent problems in the application of quantum mechanics to living systems
Despite the possible power of quantum mechanics to answer the above questions, there are serious problems when considering it in the context of a living system. For example: a)
Temperature. In order to have a very high degree of coherence between the biomolecules we may need to invoke the BoseEinstein condensation, but we also note that the environment in the human brain is extremely hot for this phenomenon to occur. Now the question is: "can biomolecules quantum condense in this temperature range or maintain coherence like lasers under these warm and wet conditions?" b)
Macroscopic scales. The sizes of biomolecules and neurons are very large to be regarded as quantum systems. Is there any different mechanism in living systems which can force the biomolecules or neurons to manifest quantum behavior? c)
Decoherence. Because of the noisy environment, the mesoscopic biomolecules result in a quantum wave function collapse after a very short time interval. Is there any mechanism to shield them against this environmental noise? d)
Hard to check experimentally. Observation of quantum effects in the living systems needs very accurate and sophisticated experimental instruments, and in addition, we note that it is very hard to extract information about quantum phenomena occurring in the brain from complex structures in the living system. Nevertheless, some scientists believe that testing the quantum nature of mind is experimentally feasible (Conte, 2008; Conte et al., 2008 and .
We propose that quantum theory and quantum information theory, especially through an ontological interpretation, provide an appropriate framework for addressing the neural correlations of cognition and consciousness. In this paper, we investigate the information transfer from the outside world through the eye to the brain from a novel point of view. But, first, we review the three different approaches in this realm which are due to Penrose and Hameroff, Tegmark and Thaheld.
The Penrose and Hameroff approach (Orch OR model)
Penrose and Hameroff have proposed a model of consciousness involving quantum computation, with objective reduction in microtubules (MTs) within the brain's neurons (Penrose and Hameroff, 1995; Penrose, 1996 and Hameroff, 1998; Hameroff, 2007) . Microtubules are cylindrical polymers comprised of the tubulin dimers which organize numerous cellular activities. According to Hameroff and Penrose, switching of tubulin conformational states is governed by the London force within each tubulin interior, and an essential feature of the Orch OR model is that tubulin dimers may exist in quantum superpositions of two conformations. Therefore, these states could function as quantum bits or "qubits" by interacting non-locally (through their entanglement) with other tubulin qubits so that MTs may act as quantum computers. When sufficiently many entangled tubulin dimers are superposed for long enough to reach the Penrose-Hameroff OR threshold, an objective reduction (OR) "conscious event" occurs as stated in the Orch-OR model. They also discussed several mechanisms which can maintain coherence in the MTs preventing decoherence from happening. Briefly, Orch OR model suggests that consciousness is the result of collective collapse of coherent MTs in the brain. In this model, when MTs are in coherent states they are involved in preconscious quantum processing and after collapse consciousness emerges. Other issues, such as preconscious-to-conscious transitions in the brain were identified and discussed by Stapp (1993) initially before the proposal of Orch OR model.
The Tegmark approach
Max Tegmark (Tegmark, 2000) believes that there is no quantum processing occurring in the brain whatsoever. He has calculated decoherence time τ for every superposition state which can be possible in the neurons of the brain. In his opinion, superposition states include ions such as Na + which are "in" and "out" of the axonal membrane. On the other hand, Na + ions are in the superposition of "in" and "out" with a separation distance comparable to the membrane thickness h. He has considered three factors which can destroy this superposition state in the neurons. In the above relations, m is the mass of the ion, k is Boltzmann's constant, T is temperature, N is the number of elementary charges in the microtubule interacting system, n is the density of scatterers, σ is the scattering cross section, v is the velocity, p is the electric dipole moment of water molecule,
is the Coulomb constant and q is the charge of an electron. We see that the above times are very small in comparison to the time scales involved in the processes occurring in the human brain (such as seeing, thinking, speaking and other cognitive processes). Typically, dynamical time scales for neuron firing and cognitive processes are in the range 10 -4 of to 1 seconds, whereas decoherence timescales are many orders of magnitude shorter. Thus, action potentials should be regarded as classical signals or the displacement of ions through the membrane of axons should be investigated classically. It is remarkable that Tegmark has also calculated decoherence times for MTs,
4) Collisions of ions with microtubules lead to the decoherence times on the order of:
s Ngq mkT D where D is the tubulin diameter. But, we note that Tegmark has used incorrect assumptions about these structures (for more details see (Hagan et al., 2002) ) and here we only accept his calculations concerning action potentials, i.e. items 1, 2 and 3 mentioned above.
The Thaheld approach
What Von Neumann, London and Bauer, and Wigner (initially) were claiming is that superposed states are received by the primary visual cortex in the brain and these states collapse in the brain. But, Thaheld (2005 Thaheld ( , 2006 Thaheld ( , 2008 believes that the wave function of any superposed photon state or states is always objectively changed (that is reduced or collapsed) within the complex architecture of the eye. According to Thaheld, the quantum state of photons does collapse in the retina and it does not reach the brain. So, the brain cannot collapse the wave function.
The Three approaches in perspective
Briefly, we can classify the above approaches according to (i) where the process of collapse occurs and (ii) the nature of processes occurring in the human brain in the following manner: 
Correlation of Retina and the Primary Visual
Cortex We assume that a conscious observer directs his/her attention to a quantum system. The state of this system is reported via superposed photons into his/her eye. When this state interacts with the last layer of retina, it seems that this superposed photon undergoes a wave function collapse, because the photon's information signature will be converted into electrical signals after it leaves the retina. On the other hand, photons are absorbed and then transformed into classical signals. According to the Orch OR model, consciousness is due to an objective reduction or self collapse in the brain; however, we know that consciousness is mostly due to the interaction of external information with bio-structures inside the brain. Consequently, if we accept both of these conclusions simultaneously, we have to say that the result of consciousness should be identical for both of the above conclusions. This is impossible unless we propose that retina and brain are strongly correlated or entangled with each other. This result cannot be inappropriate, since we know that in accordance with the Einstein-Podolsky-Rosen (EPR) paradox (Einstein et al., 1935) , when two quantum entities originate from a common source they are entangled with each other. Retina has a similar layered structure as the gray-matter top layers of the cerebral cortex of the brain. In fact, retina is an extension of the central nervous system (the brain and spinal cord) that forms during embryonic development. One reason why scientists are interested in retinal processing is that retina is an accessible part of the brain that can be easily stimulated with light (Dowling,1987) . Also, according to a paper by Schlouschauer (Schlosshauer, 2006 ) the interaction of light and rhodopsin creates a superposition state of rhodopsin -cis and transwhich is correlated to special states of neurons in the visual cortex. The transduction of light into electrical signals takes place in the photoreceptors. The stacked disks in the outer segment of rods and cones contain a membrane protein, rhodopsin. In the dark, the side chain is bent at the 11 th carbon atom. In this form it is called 11-cis-retinal. If this molecule absorbs a photon, it undergoes photoisomerization, forming a straight chain version, all-trans-retinal.
Microtubular structures are found mostly among the retina and the visual cortex in the cells of the optic nerve. Centrioles and cilia, which are examples of complex microtubular structures, are involved in photoreceptor functions in single cell organisms and primitive visual systems. Cilia are also found in all retinal rod and cone cells. After the interaction of light with MTs, they generate coherent states (Hameroff and Tuszynski, 2004) . Vibrational dynamics of MT's has been the subject of a recent paper where typical frequency ranges have been discussed (Portet et al., 2005) For more information, in general, about the production of coherent states in microtubules the reader is referred to (Hameroff, 1994; Penrose, 1987 and Kandel et al., 1991; Jibu, 1990; Marshall, 1989; Bohm and Hiley,1993; Jibu and Yasue, 1995; Fröhlich, 1968 Fröhlich, , 1970 Fröhlich, and 1975 . Penrose and Hameroff believe that consciousness is due to the self collapse of the tubulin states in the neurons of the brain. On the other hand, we receive the visual information from the environment and there should exist a correlation between the information in the retina and the visual cortex. Thus, according to the above arguments we can venture to assert that there is an entanglement between the retina and the visual cortex.
Teleportation of Photons from the Retina to
the Visual Cortex The quantum state of a system can be transmitted from one location to another by only using classical information provided that an entangled quantum channel exists between the sender and the receiver (Bennett et al.,1993) . This phenomenon is called teleportation. Sharing entangled states between the two parties opens the necessary quantum channel. Assume that Alice wants to send Bob an unknown quantum state but when she receives this state she does not know anything about that unless she affects it and collapses it to the classical state, in which case she destroys that quantum state. She can just send classical signals to Bob through a classical channel, but if there is a shared entangled channel between Alice and Bob, Bob can reconstruct the initial quantum state with the help of the classical signals which are sent by Alice and the quantum channel between them. Here, we would like to simulate visual information transfer via the teleportation mechanism. We know that when a photon penetrates the retina, it changes to an action potential or an electrical signal and these classical signals are sent to the brain for interpretation. It means that the retina (Alice) wants to send to the brain (Bob) a photon state (unknown quantum state), but the retina (Alice) absorbs it ( collapses the quantum state) and changes it to an action potential (classical state) and sends it through the membranes of the axons of the brain neurons (classical channel). The brain (Bob) can reconstruct the initial state of the photon (unknown quantum state) and after a certain amount of quantum processing the state of the photon collapses, hence the emergence of consciousness.
However, here the role of action potentials is very important. When the information is collapsed in the retina, action potentials are produced. These action potentials correspond to the classical signals occurring in the teleportation model. If the state of photons can be restored in the brain, by the teleportation model, it will reproduce the same exact photons which were absorbed in the retina. For more information about how to produce photons by microtubules and neurons the reader is referred to (Dicke, 1954; Jibu et al., 1994; McCall and Hahn, 1967; Hameroff, 1994; Bokkon, 2008 and . We note here that to process both classical and quantum information, it is required to show that there is a general quantum equation for neural activity which has classical behavior in the limit. Such efforts have been made recently to find the appropriate quantum equation to describe the behavior of electrical activity of the brain (Summhammer and Bernroider, 2007) .
A summary of our model
In our model we assume that the following three approaches mentioned earlier, namely: 1-Orch OR: There is quantum processing in the neurons of the brain (there is a quantum channel between retina and brain); 2-Tegmark: Displacement of ions through membranes of brain neurons is a classical phenomenon (action potentials are classical signals and membranes of neurons are classical channels); and 3-Thaheld: Superposed photons do collapse in the retina (the quantum state is collapsed by the sender [Alice]); describe different aspects of the teleportation mechanism, when we talk about a quantum state transfer from outside to the brain. The simulation of the visual information transfer is done via quantum teleportation (see Figure 2) . 
